The first chapter of the Fraser report "Obesity in Canada: Overstated Problems, Misguided Policy Solutions" presents a flawed and misleading analysis of BMI time trends. The objective of this commentary is to provide a tutorial on BMI time trend analysis through the examination of these flaws.
In the first chapter of the report, analyses of national survey data from Statistics Canada are used to unequivocally conclude a lack of 'negative or disconcerting trend' in obesity and overweight. This conclusion is both surprising and intriguing as it goes against the scientific literature on Canadian weight trends. [2] [3] [4] [5] Closer examination, however, reveals a dismayingly large number of serious flaws in both the methods of analysis and scientific reasoning. This kind of quantitative but faulty analysis is misleading to readers who are not well versed in statistical methodology. The current commentary thus briefly examines three major issues in the Fraser report's analysis of Canadian BMI prevalence time trends. It is hoped that it will serve as a tutorial on some pitfalls of BMI time trend analysis, and will help guide health professionals in evaluating analyses such as those in the report.
Revisiting the prevalence trend in overweight and obesity Figure 1 in the Fraser report shows the prevalence of overweight and obesity in Canadian adults of both sexes, estimated from self-report BMI from cycles 2003 to 2012 of the Canadian Community Health Survey (CCHS). These data are shown by the solid black circles in Figure 1 of this commentary. The mutual overlap in confidence intervals of prevalence estimates from 2008 to 2012 leads the authors of the report to conclude that there is "no statistically significant difference between the rates in 2008 and 2012", providing proof presumably of the overall conclusion that weight trends are "stable or stabilizing" and that no "negative or disconcerting trend" exists. 1 This seemingly innocuous analysis is beset with serious errors. First, confidence interval overlap is an incorrect procedure for statistical comparison and can lead to false conclusions. 6 For example, application of a two-sample z-test indicates a statistically significant (p≈0.01) difference between 2008 and 2012 prevalence estimates in spite of their overlapping confidence intervals.
Second, in 'spotting' regions of statistically similar prevalence, the authors have effectively performed multiple comparisons between all combinations of pairs of data values. While the confidence level (α) of a single pairwise comparison (correctly performed) is 95%, the α for multiple comparisons depends on the number of data points in the time series, their variances, as well as the number of points in the region of interest and its likely post hoc selection. The finding of no pairwise differences over the period 2008-2012 is thus associated with an unknown level of statistical significance.
Third, the frequency of pairwise statistical differences in prevalence is sensitive to temporal changes in survey sample size. As can be seen from Figure 1 Pairwise comparison is in general not a reliable method to assess trends in time series as long sequences of data points may be statistically similar due to variability in individual measurements, even in the presence of a strong trend. 7 Regression methods, in contrast, permit the statistically rigorous assessment of trend in all data points collectively, while accounting for their changing variance due to sample size. A straightforward linear regression fit to the original data using weights to account for the effect of the different sample sizes of the CCHS cycles results in a positive slope estimate of 0.37 that is statistically significant (p<2×10 -6 , R 2 ≈0.98), indicating a continually increasing linear trend in the data. The fitted line (the dotted line in the current Figure 1) th and 80 th percentiles plotted against time. The reason that prevalence of the overweight category has paradoxically remained stable throughout this period is that the BMI distribution is widening as well as shifting. This phenomenon is illustrated in Figure 3 
Assessing the impact of BMI limitations on time trends
The inability of BMI to distinguish between fat and lean body mass is next described in the report, and this limitation is implied to refute mainstream analyses of BMI time trends, while supporting the conclusions of the chapter. Limitations exist for all health metrics, however, and they do not necessarily mean that a particular metric is unsuitable for an intended application. For example, due to its high correlation with direct measures of body fat percentage, 9 BMI is recommended for monitoring populationlevel time trends of risk prevalence due to elevated body fat. [9] [10] [11] [12] BMI-defined obesity has low sensitivity but high specificity 9, 11 for elevated body fat, which results in underestimation of the atrisk population. This is compounded by the substantial downward bias in self-report BMI, estimated to be ≈7-8% in the 2008 CCHS for adults aged 18-74, 13 but whose magnitude is in general survey-specific. 14 The upward shift in adiposity observed within the obese BMI category 15 suggests further that estimates of the rate of temporal increase of the at-risk population may also be underestimated. Due to these principal limitations of BMI, CCHS obesity trends are thus a conservative representation of the growing levels of health risk due to weight gain in the Canadian population, which tends to further counter the conclusions of the chapter.
CONCLUSIONS
Three issues with regard to BMI time trend analysis drawn from Chapter 1 of the Fraser report 1 have been discussed: 1. Spotting regions of confidence interval overlap is a statistically flawed method of assessing trend; regression methods, which have an unambiguous statistical interpretation, account for temporal change in sample size and measure the behaviour of the data as a whole, are preferred. 2. Temporal stability in overweight (25≤BMI<30) prevalence is in fact a consequence of a sustained change in the overall population BMI distribution. 3. BMI is considered reliable for tracking population-level weight trends due to its high correlation with body fat percentage. Obesity prevalence estimated from BMI represents conservative underestimates of the population at risk due to elevated body fat. The results and interpretation of BMI time trend analyses can be markedly different if these issues are not accounted for. In particular, many of the findings in Chapter 1 of the Fraser report are either refuted or substantially mitigated. There are indications that the rate of increase in obesity prevalence is lower than it has been in the past, and there has been an intriguing downward fluctuation in the estimated 2012 prevalence for Canadian men. However, the existing data, under a more balanced and rigorous analysis, do not exhibit the unequivocal lack of 'disconcerting or negative trend', as claimed. More generally, it is hoped that this commentary will help guide public health professionals who need to interpret, or wish to perform their own, time trend analyses of BMI. Time trends in mean and BMI quantiles for Canadian adults, both sexes combined 
